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Degradative events in remodeling connective tissues 
are mediated through the actions of one or more mem-
bers of the matrix metalloproteinase family. Con-
versely, members of the tissue inhibitors of metallo-
proteinase (TIMP) family act to attenuate proteolysis. 
Because collagenase and TIMP are rapidly secreted 
into the extracellular matrix following their biosyn-
thesis and may not remain near their cell of origin, we 
undertook an immunohistochemical examination of 
human burn injuries to establish the distribution of 
these proteins during acute wound repair. Immuno-
staining for collagenase and TIMP was markedly in-
creased within the wound bed but not in adjacent re-
gions of histologically normal skin. Immunoreactive 
collagenase was first noted at the eschar-dermal inter-
face by day 3 after injury and became very prominent 
in the dermis from day 5 to day 17. By day 5, focal 
patches of immunoreactive collagenase were found at 
the epidermal-dermal junctions at the wound margins. 
T he/rocess of wound repair sets in motion a complex an dynamic series of events in which the cellular and extracellular components of the skin are returned toward normalcy. Degradative mechanisms play im-portant roles within the healing wound including the 
removal of devitalized tissues, ongoing epithelial-mesenchymal in-
teractions, angiogenesis, and the remodeling of the newly synthe-
sized extracellular macromolecules. These functions occur acutely 
as well as throughout the prolonged period of wound maturation. A 
family of matrix metalloproteinases including interstitial collagen-
ase, the stromelysins, and gelatinases have been implicated in this 
process [1,2) . Conversely, a family of glycoproteins known as the 
tissue inhibitors of metalloproteinases or TlMPs serves to limit 
these degradative forces [3,4) . 
In the skin, interstitial collagenase [matrix metalloproteinase 
(MMP-l)) appears to be responsible for the degradation of collagens 
I and III and also displays activity against anchoring fibril collagen, 
type VII (reviewed in [2)). Interstitial collagenase is produced by a 
number of cell types including fibroblasts (5), macrophages [6,7], 
endothelial cells [8], and keratinocytes [9]. This enzyme is rapidly 
secreted in its proenzyme form [10), and immunohistochemical 
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Within the wound bed, intense staining for collagenase 
was noted in the connective tissue surrounding the sur-
viving epithelial appendages and around blood vessels. 
Immunoreactive TIMP was detected by day 2 both in 
the dermis and the overlying eschar but rapidly as-
sumed the same interfacial pattern as described for 
collagenase. Staining for TIMP was only sporadically 
found at the dermal-epidermal margins and surround-
ing surviving epithelial appendages. Like collagenase, 
TIMP was prominently localized about vascular struc-
tures. These studies demonstrate that, in acute wounds, 
immunoreactive collagenase and TIMP are generally 
increased throughout the area of injury but particu-
larly so at interface zones including eschar-dermis, 
epidermis-dermis, appendages-dermis, and around 
vascular structures. Key words: extracellular matrix/ 
collagen/ connective tissue/wound healing. J Invest Dermatol 
103:488-492,1994 
studies have demonstrated that low levels of presumably extracellu-
lar matrix bound collagenase are present in the normal dermis 
[11,12]. Significantly increased levels of immunoreactive collagen-
ase have been found in dermis altered by the presence of neoplasms 
and inflammatory infiltrates [11-13]. 
Paradoxically, investigations of the inhibitory molecule TIMP 
revealed a similar pattern of synthesis, secretion, and immunohisto-
chemical localization to that found for interstitial collagenase 
[3,4,6-8,12,14,15)' TIMP is a 29-kD glycoprotein that forms a 
tight complex with the matrix metalloproteinases [1,2,16]. TIMP is 
found throughout the body and appears to present a threshold of 
inhibition to prevent incidental matrix degradation [3,4,17). It is 
likely that matrix remodeling represents a complex and dynamic 
balance among the forces of matrix macromolecule synthesis, deg-
radation, and enzyme inhibition. 
We have previously documented the localization of mRNAs rep-
resenting interstitial collagenase and TIMP in sections of healing 
human burn wounds [18]. Labeling for collagenase and TlMP 
mRNAs was quite prominent in epithelial cells at the burn margins. 
However, epidermal transcripts were focally expressed only in the 
leading tip of re-epithelializing cells representing the migratory and 
proliferative components of this process. Hybridization signals 
were rarely detected within the hypertrophic epidermis just adja-
cent to the re-epithelializing wound margins, suggesting that the 
re-establishment of an epithelial cover and reconstitution of the 
basement membrane zone may terminate collagenase and TIMP 
expression. However, signals for transcripts representing both pro-
teins persisted in the surviving hair follicles and eccrine sweat struc-
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tares interspersed throughout the wound bed. Within the remodel-
ing dermis underlying the burn eschar, cells expressing collagenase 
and TIMP were found first in a perivascular location and later ap-
peared throughout the interface zone between viable and non-vi-
able dermis. A wide variety of cell types appeared to be labeled 
including keratinocytes, fibroblasts, macrophages, and endothelial 
cells. In general, labeling of transcripts for collagenase and TIMP 
appeared by day 2 post-injury, peaked between day 5 and day 17, and 
appeared to be in decline during days 18 - 34. 
Our previous if! sitll hybridization study of collagenase and TIMP 
in acute human wounds strongly suggested that these proteins playa 
significant and widespread role in wound repair [18]. Furthermore, 
the expression of collagenase and TIMP appeared to be temporally 
and spatially regulated during this process. Collagenase and TIMP 
are rapidly secreted into the extracellular milieu following their 
biosynthesis [10]; thus, if! situ hybridization studies are useful in 
identifying the regions and cells of origin but may not reflect the 
actual distribution and sites of activity for these proteins. In this 
study, we utilized immunohistochemical staining to establish that 
increased collagenase and TIMP were synthesized in acute human 
wounds and to demonstrate the distribution of these active proteins 
with the wound matrix. 
MATERIALS AND METHODS 
Antibodies and Immunologic Reagents Polyclonal antisera were pre-
pared in rabbits against interstitial collagenase and TIMP in accordance with 
previously published procedures [3,4,19). To prepare immunoaffinity-puri-
fied antibody, fibroblast collagenase and TIMP were subjected to sodium 
dodecylsulfate - polyacrylamide gel electrophoresis and the protein bands 
were electrophoretically transferred to nitrocellulose. Strips of nitrocellu-
lose containing the protein bands were excised and blocked in a Tris-saline-
bovine serum albumin buffer composed of 0.05 M Tris-HCI, pH 7.5, con-
taining 0.15 M NaCI and 0.50/0 bovine serum albumin (Sigma Chemical, St. 
Louis, MO) and then incubated in their respective antisera overnight at 4· C. 
Following three washes in Tris-saline (0.05 M Tris-HCI, pH 7.5, containing 
0.15 M NaCI), bound antibody was eluted with 0.05 M Glycine-HCI, pH 
2.8, containing 0.15 M NaCI, and the eluent was immediately neutralized 
with 1 M Tris-HCI, pH 7.9. Western blot analyses of fibroblast conditioned 
medium with whole sera and the affinity-purified preparations confirmed 
that only the collagenase or TIMP protein was detected by their respective 
antibody. Immunolocalization was performed using a Vecta stain avidin 
biotin peroxidase complex kit purchased from Vector Laboratories, Burlin-
game, CA. The chromagen 3,3-diaminobenzidine tetrahydrochloride was 
purchased from Sigma Chemical Co., St. Louis, MO. 
Acquisition of Tissue Specimens Human skin samples were collected 
from a total of 22 patients with either partial-thickness or full-thickness 
burns who underwent routine burn excision and auto grafting procedures at 
the Vanderbilt University Hospital Burn Center. The patients, 10 male and 
12 female, ranged from 2 to 77 years of age. The range of post-injury samples 
included post-burn days 2- 6, 8, 11, 16, and 17. Two normal skin samples, 
removed during elective surgery, were also evaluated. Tissue specimens 
were harvested from various body locations and were excised with either a 
scalpel to subcutaneous fat or removed with a Zimmer dermatome where 
minimal depth was 0.020 inch in thickness. The totally necrotic central areas 
of full-thickness burns were excluded from this study. Even full-thickness 
burn specimens usually included an area of partial-thickness burn wound and 
its adjacent healing epithelial margin that was suitable for study. Specimens 
were immediately frozen and stored at -70·C until the day of the experi-
ment. 
InunuDologic Protocol Specimens were removed from the freezer and 
placed in OCT (Miles Laboratory, Elkhart, IN) embedding media, and 5-jim 
frozen sections were cut. After a 10-min fix in acetone, sections were rinsed 
in phosphate-buffered saline (PBS) and potential endogenous peroxidase 
activity was blocked with a 10-min incubation with 30/0 (v/v) H20 2 in 
methanol. Sections were incubated at 25'C in 10% goat serum for 20 min 
then incubated in primary antisera at a concentration of approximately 0.2 
jig/ ml for collagenase, approximately 0.15 jig/ ml for TIMP. Negative 
controls included substitution of the primary antisera with either PBS or 
non-immune IgG at comparable concentrations. After this overnight incu-
bation, the sections were washed three times in PBS and incubated according 
to the steps of the avidin-biotin complex procedure in the Vecta ABC kit at 
room temperature. All sections were reacted with 3,3-diaminobenzidine as 
the chromagen, cover slipped, viewed, and photographed under an Olym-
pus AH2 light microscope. 
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RESULTS 
11IlII1unodistribution of Collagenase Postburn day 2 was the 
earliest time after injury that was examined in this study. Immuno-
detectable protein for interstitial collagenase was not observed in 
the burn specimens removed from three different patients. By post-
burn day 3 (Fig 1A), extremely faint to modest immunostaining for 
collagenase was noted in specimens from three patients. The over-
lying burn eschar in these partial-thickness burns showed no stain-
ing yet modest immunoprecipitate was noted at the interface of the 
eschar with the underlying dermis (Fig IA). By postburn day 4 or 5, 
the most prominent feature was the strong immunostaining at two 
interface zones. As illustrated in Fig IC,D, increased staining was 
evident in the viable dermis adjacent to resurfacing epithelium or to 
the burn eschar. The deeper portions of the dermis underlying the 
wound bed were diffusely and faintly stained for immunoreactive 
collagenase during the acute burn period (Fig lA,e). Intact epider-
mis at burn margins (Fig Ie) and surviving islands of epithelium 
(Fig 1D) showed no immunostaining for collagenase. 
In still later post-injury specimens taken from postburn days 8, 
16, and 17, prominent immunostaining of the dermis adjacent to 
the eschar continued to be present (Fig IE,G). In sections where 
epidermal islands and upward growths from deeper epidermal ap-
pendages, such as hair follicles , sebaceous glands, and eccrine sweat 
ducts were present, intense staining for collagenase was detected in 
the connective tissue immediately surrounding to these structures 
(Fig ID). This same intensive staining pattern for collagenase was 
also noted immediately surrounding small capillaries, dermal ar-
teries, and larger arteries in the repairing dermis (Fig 2C,D,E). 
Keratinocytes in the hypertrophic epidermis adjacent to burned 
areas showed no staining for collagenase and little if any staining 
was detected in the uninjured dermis to the side of the wound bed 
(Fig Ie). Likewise, specimens of normal skin showed no collagen-
ase staining in the dermis, epidermis, or its epidermal appendages 
(Fig 2A). 
Immunodistribution for TIMP The immunostaining pattern 
and its intensity for TIMP was not identical to that described above 
for collagenase. Diffuse, yet weak staining for TIMP was present in 
both the dermis and less so in the eschar as early as postburn day 2 in 
two of three specimens. By postburn day 3, slightly stronger TIMP 
staining was localized at the junction of the eschar with the under-
lying surviving dermis but the dead overlying eschar was negative 
(Fig IB). By pos~b~rn days 5, 8, 11, 16, and 17 staining was present 
yet patchy at thl~ mterface between the eschar and dermis (Fig 
1F,H). Thus stamll1g forTIMP was an inconsistent feature detected 
at the dermal/epidermal junction after postburn day 4. In some 
sections, the staining was intense and in other sections this protein 
was barely detectable. Increased levels of immunoreactive TIMP 
outlined dermal capillaries (Fig 2F); however, the dermis adjacent 
to deeper portions of dermal sweat ducts (Fig 2G) and hair follicles 
(Fig 2H) did not demonstrate increased immunoreactive TIMP. 
Keratinocytes within the epidermal margins and epidermal appen-
dages showed no staining for TIMP (Figs IH, 2G, and 2H). When 
normal human skin was stained for TIMP, only a slight immunore-
activity for TIMP was detectable in normal dermis, and epidermis 
showed an absolute lack of staining (Fig 2B). 
DISCUSSION 
Burn wounds create an acute inflammatory condition characterized 
by the presence of stimulators of matrix metalloproteinases and 
TIMP production including heat shock, cytokines, and perhaps 
other unknown factors [1,2,20]. Previous ill sitll hybridization stud-
ies of human burn wounds revealed that transcripts for collagenase 
and TIMP were markedly increased in both epithelial and dermal 
compartments of such wounds [18]. Moreover, a distinct temporal 
and spatial pattern of cellular expression was present; these data 
suggest that the matrix metalloproteinase(s) and TIMPs playa cru-
cial role in the process of wound healing. In the present study, we 
used immunoaffinity-purified antisera to human collagenase and 
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Figure 1. Immunolocalization of collagenase and TIMP in human burn wounds from day 3 through day 16 post-injury. The bar in A applies to 
the entire figure and equals 200 11m. A,B) Specimen removed from the midst of a partial-thickness burn wound at 3 d after injury. A) Collagenase 
immunostaining; B) TIMP immunostaining. The immunodistribution for both proteins shows moderate staining at the interface (dotted line) between the 
overlying eschar (ES) and the underlying wound bed (WB). • Wound surface devoid of epithelium. C,D) Specimen removed from a partial-thickness burn 
wound at 5 d after burn injury. C) No appreciable immunoreactive collagenase is detectable in either the intact epidermis (E) or its subjacent non-wounded 
dermis (ND). Intense staining is observed within the wound bed (WB) at the dermal-epidermal junction beneath the migrating/proliferating epithelial tip 
(arrows). The remaining wound bed (WB) within the shallow burn zone shows moderate staining for collagenase. D) The midst of this same burn wound 
shows intense collagenase deposition at the interface between the overlying eschar (ES) and the underlying wound bed (WB). No staining is present in the 
keratinocytes present in an epithelial (E) island (arrows) but the viable dennis abutting this island demonstrates increased immunostain. • Wound surface 
devoid of epithelium. B,F) Specimen removed from a partial-thickness burn at 8 d after burn injury. B) Intense immunodeposition for collagenase is present in 
the granulation tissue comprising the wound bed (WB). but no staining is present in the overlying eschar (ES). F) By contrast very little deposition for TIMP 
was noted in the same regions of the burn. · Wound surface devoid of epithelium. G,H) Specimen removed from a partial-thickness injury at 16 d after burn 
iJ~ury . G) Collagenase is widely distributed throughout the wound bed (WB) of this remodeling wound but is not present in the resurfacing epidennis (E) or 
residual eschar (ES) overlying the wound bed (WB). H) The TIMP distribution is more restricted to the interface zone between the migrating epithelial edge 
(E) and the non-viable eschar (ES) .• Areas where the wound is not covered with epithelium. 
VOL. 103, NO.4 OCTOBER 1994 COLLAGENASE AND TlMP IN BURN WOUNDS 491 
Figure 2. lmmunolocalization of collagenase and TIMP in dermal structures. A,B) Immunolocalization characterization for collagenase and TIMP 
in normal human skin. Dotted [ines, location of the dermal-epidermal junction. A) Although no appreciable immunostaining for collagenase was noted in either 
the epidermis (E) or dermis (D), B) a faint and diffuse staining for TIMP was noted throughout the dermal matrix. Bars, 100/1. C,E) Immunolocalization 
patterns for collagenase in the vasculature of healing burn wounds. C) Staining around a capillary (C, arrows) at 4 d postburn. Bar, 25/1. D) Staining around a 
larger dermal vessel (V) at postburn day 5 (Bar, 50/1). E) Strong staining around a larger caliber vessel packed with unstained red blood cel ls and its surrounding 
matrix at postburn day 16. Bar, 100/1. F,H) Immunolocalization patterns for TIMP in various locations throughout the dermis. F) Moderate staining was noted 
immediately surrounding a dermal capillary (C, arrows) atpostburn day 3. Bar, 25/1. G) No appreciable protein was detected immediately surrounding a dermal 
sweat duct (SD, arrows) at postburn day 4; however, extremely intense immunostaining was noted at the dermal/epidermal junction (*) where migrating/pro-
liferating cells of the epidermis (E) were beginning to resurface the burn. Bar, 50/1. H) No staining pattern for TIMP was noted in the matrix surrounding a 
surviving hair fo llicle (HF, arrows) at postburn day 4. Bar, 50/1. 
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TIMP to further define the distribution of collagenase and TIMP at 
the protein level. 
In the current study, little if any specific immunoreactive colla-
genase or TIMP was found within epithelial structures or cells. By 
day 5 post-burn, focal deposits of collagenase staining could be 
found abutting the resurfacing epidermis from the wound margins. 
Although similar deposits could be detected for TIMP, this finding 
was much more sporadic than with collagenase staining, Likewise, 
intense immunostaining for collagenase was often found in the 
connective tissue stroma adjacent to surviving hair follicles and 
eccrine sweat structures dispersed throughout the wound. How-
ever, when similar surviving epithelial structures were stained for 
immunoreactive TIMP, a patchy, incomplete distribution in these 
same regions was occasionally found; more often, no staining for 
TIMP was evident. 
In our previous paper [18], intense hi situ hybridization signals 
marking transcripts for both collagenase and TIMP were found in 
the advancing edge of the resurfacing epithelium and in surviving 
epithelial structures in the wound bed. Current reagents do not 
permit the in situ determination of the activation or inhibition state 
of collagenase. However, these present studies indicate that colla-
genase and TIMP proteins do not invariably co-localize in the 
wound bed; we speculate that this spatial regulation may be one 
method of producing net proteolysis or inhibition in a given region. 
The absence of immunoreactive proteins within repairing epithelial 
structures likely reflects the rapid secretion of these proteins follow-
ing synthesis and the absence of an extracellular matrix capable of 
retaining these products. We speculate that the prominent line of 
immunostaining seen at the epithelium-dermal interface may result 
from the trapping of collagenase and TIMP as they diffuse from the 
epithelial structures. These findings are reminiscent of those found 
in similar immunohistochemical studies of the epithelial/stromal 
environment present in cutaneous neoplasms [11,12J. 
A diffuse, increased pattern of immunoreactive collagenase and 
TIMP was a prominent feature of the dermis underlying the wound 
eschar. At early timepoints, immunoreactive TIMP could be de-
tected within the eschar proper; this TIMP may have been derived 
from plasma and platelets involved in the initial events of injury 
[2,4]. At later timepoints, little if any immunoreactive TIMP or 
collagenase could be detected within this non-viable region. In con-
trast, the zone marking the interface of viable and non-viable der-
mal tissues was prominently labeled for both collagenase and TIMP 
from days 5 to 17 post-injury. This region marks a plane of dissec-
tion eventually covered by epithelial overgrowth. Vigorous but 
controlled proteolysis in this region may be a critical factor in the 
wound-repair process. Intense dermal immunostaining for both 
proteins was also noted surrounding vascular structures. Angiogen-
esis is another crucial feature of granulation tissue wound repair and 
roles for both collagenase and TIMP during angiogenesis have been 
described [8]. Intense foci of in situ hybridization signals for both 
collagenase and TIMP were detected within vessels, particularly the 
smaller capillaries, and in a general peri-vascular pattern [18]. It is 
possible that a dynamic balance of forces exists that permits the 
expansion of new vessels perhaps aided by net proteolysis whereas 
larger, more established vascular structures are protected from ad-
ventitial degradative events. 
In this immunohistochemical study of the distribution of colla-
genase and TIMP in healing human burns, we have demonstrated 
that the expression of these proteins is an early, prominent, and 
widespread feature of wound repair. Additionally, a specific tem-
poral and spatial pattern of expression appears to exist that suggests 
that the actions of matrix metalloproteinases, here typified by colla-
genase, and their inhibitor, TIMP, are critically involved in the 
essential processes of re-epithelialization, disposition of devitalized 
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tissues, and angiogenesis. The striking immunolocalization of these 
proteins to epithelial-dermal, eschar-dermal, and vascular-dermal 
interfaces suggests that they may playa particularly significant role 
at boundary regions marked by connective tissue fluidity. The si-
multaneous presence of both proteolytic and inhibitory activities is a 
common feature of connective tissue remodeling [12,13]; this sug-
gests that regulation of remodeling events in the extracellular 
milieu occurs through a dynamic and complex balance of these 
forces. 
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